INTRODUCTION
Resistance against antibiotics by pathogenic bacteria is a major concern in the anti-infective therapy of both humans and animals. Bacteria are able to adapt rapidly to the presence of antimicrobial molecules and, as a consequence, resistance increases with the antimicrobial misuse 1 . In addition, Antioxidants can inhibit or delay the oxidation of oxidizable substrates and this appears to be very important in the prevention of oxidative stress, which is suggested as the leading cause of many oxidation related diseases 2 . Recently, and mainly due to undesirable side effects such as toxicity and carcinogenicity of synthetic additives, interest has considerably increased for finding naturally occurring antioxidant and antimicrobial compounds suitable for use in food and/or medicine 3, 4 . Thus, most consumers prefer additive free foods or a safer approach like the utilization of more effective antioxidant and antimicrobial agents from natural origins. In this regard, a growing rate of research was conducted on many plant species in order to find new possess bioactivities such as antioxidant, anti-inflammatory, antimicrobial, and is suggested to be responsible for the prevention of cancer and degenerative diseases 7 . Those bioactivities of citrus are due to the presence of bioactive compounds such as phenolics, flavonoids, essential oil, and vitamins 8 . Among people living in the north of Iran, bloom
of Citrus aurantium has a long history of usage and is believed to alleviate the heart diseases, and exhibit anti-depressant and tonic properties. Moreover, citrus essential oils have been classified as generally recognised as safe GRAS due to their wide spectrum of biological activities such as antimicrobial 9 , antifungal 10 , antioxidant 11 , anti-inflammatory and anxiolytic 12 , Information concerning in vitro antioxidant and antimicrobial activities of the essential oil from the flowers of C. aurantium L. has not been reported earlier. This study was aimed to investigate the antibacterial, anti-fungal and antioxidant activities of C. aurantium essential oil CaEO . The antimicrobial activity was evaluated against a diverse range of food-borne pathogens. Also, an in vitro assessment of the CaEO killing activity was per-formed. The antioxidant potential was evaluated by two assays: scavenging of DPPH radicals and betacarotene bleaching assay. Moreover, we characterized the chemical composition of CaEO using GC/MS.
MATERIALS AND METHODS

Chemicals
All chemicals used were of analytical reagent grade. All reagents were purchased from Sigma-Aldrich-Fluka SaintQuentin France .
Collection of plant material
Bitter orange flowers Citrus aurantium L. were collected by hand in the beginning of May 2009 from the Cap Bon of Tunisia, precisely in the surroundings of Nabeul localized in 5 m of altitude and 1044 of longitude. In May 2009, Nabeul average rainfall was 31 mm, the average of Temperature was 20.5 and humidity was 79 NIM-National Institute of Meteorology-Tunisia, 2009 . Then the botanical identification of Citrus aurantium was conducted by Professor Jamel Ghazali Faculty of Science at Arass, Kingdom of Saoudi Arabia , and a voucher specimen LBPes C.S. 013 was deposited in the Laboratory of Protection and Amelioration of Plants Center of Biotechnology of Sfax, Tunisia .
Essential oil extraction
The oil extraction was obtained from 1 kg of fresh flowers plant by steam distillation during 3 h using a Clevenger-type apparatus 13 . It is an apparatus operating at atmospheric pressure to maintain the ratio plant material/ water to its initial level. During each test, the plant material and distilled water were placed in well defined proportions in a flask of one liter capacity. The whole is heated to boiling. The vapors pass through the column and out of the condenser in liquid form. At the end of the distillation two phases are observed, an aqueous phase aromatic water and an organic phase. This operation was repeated three times for each sample. The aqueous phase was extracted with dichloromethane 3 50 ml and dried with anhydrous sodium sulphate. After filtration the solvent is eliminated by pressure distillation reduced in rotary evaporator and pure oil was stored at 4 in obscurity till the beginning of analysis CaEO . The amount of oil obtained from each plant material was calculated as:
Oil v/w observed volume of oil ml /weight of sample g 100.
The CaEO was solubilised in n-Hexane for gas chromatography and mass spectrometry analysis.
Antimicrobial activity 2.4.1 Microorganisms and growth conditions
Authentic pure cultures of bacteria and fungi were obtained from international culture collections ATCC and the local culture collection of the Center of Biotechnology of Sfax, Tunisia. A stock solution of the CaEO 50 mg/ml was prepared in dimethylsulfoxide/water 1/9 . The inhibitory activity of the CaEO was properly prepared and transferred to each well in order to obtain a twofold serial dilution of the original sample and to produce the concentration range of 0.039-10 mg/ml. To each test well 10 µl of cell suspension were added to final inoculum concentrations of 10 6 CFU/ml for bacteria and 10 5 spores/ml for fungus. Positive growth control wells consisted of bacteria or fungi only in their adequate medium. Dimethylsulfoxide/water 1/9 was used as negative control. The plates were then covered with the sterile plate covers and incubated at 37 for 24 h for bacterial strains and 72 h for fungi at 28 . The MIC was defined as the lowest concentration of the total essential oil at which the microorganism does not demonstrate visible growth after incubation. As an indicator of microorganism growth, 25 µl of Thiazolyl Blue Tetrazolium Bromide MTT , indicator solution 0.5 mg/ml dissolved in sterile water were added to the wells and incubated at 37 for 30 min 16 . The colourless tetrazolium salt acts as an electron acceptor and is reduced to a red-coloured formazan product by biologically active organisms. Where microbial growth was inhibited, the solution in the well remained clear after incubation with MTT. The minimum fungicidal concentrations MFCs were determined by serial subcultivation of 10 µl in Potatoes Dextrose Agar PDA plates and incubated for 72 h at 28 . The lowest concentration with no visible growth was defined as the MFC, indicating ≥ 99.5 killing of the original inoculum. DMSO and ethanol were used as a negative control. The determinations of MIC and MFC values were done in triplicate.
Effect of essential oil on viable counts of bacteria
The effect of CaEO against Listeria monocytogenes was assessed in vitro by sequential sampling and counting viable bacteria in the physiological saline solution following the addition of the essential oil according to the method of Kawakami et al. 17 with slight modification. For viable counts, each of tubes containing bacterial suspension approximately 108 CFU/ml of L. monocytogenes was inoculated with three different concentrations of the CaEO 2.5, 5 and 7.5 mg/ml in a final volume of 5 ml sterile physiological saline solution and incubated at 37 . For the determination of the residual viable cells by the plate colony count technique, 100 µl of each sample was removed at various points of time 0, 10, 20, 30, 50 and 60 min and was diluted into 0.9 ml of sterile physiological saline solution, a 10 fold dilution and spread on the surface of Mueller-Hinton agar Oxoid Ltd, UK . The colonies were counted after 24 h of incubation at 37 . The control was prepared under the same experimental conditions as mentioned above but without addition of CaEO.
Antioxidant testing assays 2.5.1 DPPH radical scavenging activity
Radical scavenging activity of the different fractions was determined using DPPH radical as a reagent according to the method of Kirby and Schmidt with some modifications 18 . Briefly, 1 ml of a 4 w/v solution of DPPH radical in ethanol was mixed with 500 µl of sample solutions different concentrations . The mixture was incubated for 20 min in the dark at room temperature. Scavenging capacity was read spectrophotometrically by monitoring the decrease of the absorbance at 517 nm. Lower absorbance of the reaction mixture indicates higher free radical scavenging activity. Ascorbic acid was used as standard. The percent DPPH scavenging effect was calculated using the following equation: DPPH scavenging effect A control A sample /A control 100. A control is the absorbance of the control reaction where the sample is replaced by 500 µl ethanol. Tests were carried out in triplicate.
β-Carotene bleaching assay
The antioxidant activity was determined according to the β-carotene bleaching method described by Pratt 19 . A stock solution of β-carotene/linoleic acid mixture was prepared as follows: 0.5 mg of β-carotene was dissolved in 1 ml of chloroform with 25 µl of linoleic acid and 200 mg of Tween-20. Chloroform was completely evaporated, using a vacuum evaporator. Then, 100 ml of distilled water, saturated with oxygen 30 min , were added and the obtained solution was vigorously shaken. 4 ml of this reaction mixture were dispensed into test tubes and 200 µl of each sample, prepared at different concentrations, were added. The emulsion system was incubated for 2 h at 50 . The same procedure was repeated with BHT as positive control, and a blank as a negative control. After this incubation period, the absorbance of each mixture was measured at 490 nm. Antioxidant activity in β-carotene bleaching model in percentage A was calculated with the following equation: A 1 A 0 A t /A 0 A t 100, where A 0 and A 0 are absorbances of the sample and the blank, respectively, measured at zero time, and A t and A t are absorbances of the sample and the blank, respectively, measured after 2 h. All tests were carried out in triplicate.
2.6 Gas Chromatography and Gas ChromatographyMass Spectrometry 2.6.1 Gas chromatography
CaEO were analyzed using a Thermo Electron Courtaboeuf, France gas chromatograph equipped with a flame ionization detection FID detector and DB-5MS capillary column 30 m 0.25 mm, film thickness 0.25 µm . Injector and detector temperatures were set at 200 and detector temperature 270 , respectively. Oven temperature gradually raised from 60 to 260 at 5 /min, held for 15 min and finally raised to 340 at 40 /min. Helium purity 99.99 was the carrier gas, at a flow rate of 1 mL/min. Total analysis time was 57 min. Diluted sample 1/100 in petroleum ether, v/v of 1.0 µL was injected in the split mode ratio 1:10 . Quantitative data were obtained electronically from FID area percent data without the use of correction factors. 2.6.2 Gas chromatography/mass spectrometry GC-MS Analysis of CaEO was performed under the same conditions with GC column, oven temperature, flow rate of the carrier gas using a Thermo Electron Courtaboeuf, France DSQ II GC-MS single quadrupole mass selective detector in the electron impact mode 70 eV . Injector and MS transfer line temperatures were set at 200 and 300 , respectively. MS was adjusted for an emission current of 10 µA and electron multiplier voltage at 1500 V. Trap temperature was 250 and mass scanning was from 40 to 650 amu. The components were identified based on the comparison of their KI Kovats indices and mass spectra with those of standards, Wiley 2001 library data NIST 02 version 2.62 of the GC-MS system and literature data Adams . Alkanes C5-C24 were used as reference points in the calculation of KI. All determinations were performed in duplicate and averaged.
Statistical analysis
Experimental results concerning this study were expressed as means standard deviation of three parallel measurements. The significance of difference was calculated by Student s t test, and values p 0.05 and p 0.001 were considered to be significant and highly significant respectively. Correlation and regression analysis was carried out using EXCELL program Microsoft Corporation, USA .
RESULTS AND DISCUSSION
Chemical composition
CaEO was analyzed by GC-FID and GC-MS. Thirty three components were identified, representing 99 of the total components in the essential oil from the flowers of C. aurantium. The constituents identified by GC-MS analysis, the retention times and area percentages are summarized in Table 1 . The CaEO was dominated by monoterpenes which accounted for 50.3 of the oil. Limonene, one of the most common terpene in nature and the majority constituent of an essential oil series, was the main component of this oil 27.5 followed
. These results showed some differences in composition with respect to data in literature, such as those reported by Lin et al. and Zhang et al. 20, 21 . These authors found that the CaEO was characterized by the dominance of linalool 37.5-74 , while no significant quantity was detected in the Tunisian essential oil. Conversely, limonene, the main component of the Tunisian CaEO 27 , has been found in very weak quantities comparing with the Spanish CaEO 16.6 20 . In the present study, much higher concentration of E-nerolidol 17.5 , a-terpineol 14 , and a-terpinyl acetate 11.7 were found. However, several components such as β-pinene and citronellol, mentioned in the literature, were not detected in our oil 20, 21 . These changes in the essential oil composition might arise from several environmental climatical, seasonal, geographical and genetic differences 22 .
Antibacterial activity
The in vitro antimicrobial activity of CaEO against the tested microorganisms was qualitatively and quantitatively assessed by the presence or absence of inhibition zone diameters and MIC values. As shown in Table 2 , CaEO exhibited varying degrees of antibacterial activity against all tested strains. The inhibition zones were in the range of 14-22 mm. The CaEO showed an antibacterial activity against tested Gram-positive and negative bacteria with MIC values of 0.312-2.5 mg/ml and 0.625-2.5 mg/ml, respectively. We found that the activity of the essential oil depends on its concentration and the strain of tested bacteria. The Gram positive bacteria were more susceptible to the antimicrobial properties of essential oil than Gram negative ones. These differences could be attributed in part to the great complexity of the double membrane-containing cell envelope in Gram negative bacteria compared to the single membrane structure of positive ones 23 . The ability of essential oil to disrupt the permeability barrier of cell membrane structures and the accompanying loss of chemi-osmotic control are the most likely reasons for its lethal action 24 . Moreover, several essential oil exhibited low sensitivity against Gram-negative bacteria 25 . However, the The microorganisms tested in the present investigation are large and cover the most important human pathogens known as opportunists for man and animals and causes food contamination and deterioration. The obtained results are of a great importance, particularly in the case of B. cereus and S. aureus which are well-known for their resistance to a number of phytochemical compounds and for the production of several types of enterotoxins that cause gastroenteritis 26 . Although, Hazzit et al., reported that S.
aureus was resistant to the essential oil from Thymus species, the above results indicated that the CaEO was active and may potentially useful in food preservation 27 .
The strong antimicrobial activity of the CaEO against the tested microorganisms could be attributed to the presence of high concentration of hydrocarbon, monoterpene, and oxygenated monoterpene appreciated for their antibacterial potentials 28 . a-terpineol, which was found to be in appreciable amounts in the oil of this study 14 , has been reported to inhibit the growth of quite number of bacteria and fungi that include E. coli, S. epidermis, and C. albicans 29 . It is necessary to signal that some compounds in low content may also contribute to improve this high activity. In fact, the synergistic effects of the diversity of major and minor constituents present in the essential oils should be taken into consideration to account for their biological activity. In this context, Terpinen-4-ol, a minor constituent in the oil under study 0.4 , is reported to show activity against these organisms 29 . It is also said to be responsible for the broad spectrum activity of the essential oil of Melaleuca alternifolia tea tree oil . Another minor constituent, β-caryophyllene oxide 0.1 , is known to have very efficient antibacterial properties 30 . Although these compounds are not abundant in the essential oil, activity was important. From these results, CaEO may be considered as a natural preservative against food born pathogens for food production industry.
Antifungal activity
Contamination by Aspergillus, Fusarium and Alter- 
Effect of essential oil of C. aurantium on viable counts of Listeria monocytogenes
The pharmacodynamics of an antibiotic may be investigated in several ways, including the study of time-kill kinetics. The antimicrobial activity was further characterized using death kinetic assays to determine the action of the CaEO over time Fig. 1 . An initial decrease in viable cell counts for all tested concentrations was observed. The control sample without CaEO exhibited approximately the same CFU/ml within the 50 min and no inhibition of the L. monocytogenes growth was observed. However, the numbers of L. monocytogenes viable cells were reduced Table 3 Antifungal activity of CaEO and determination of the Minimum Fungicidal Concentrations (MFCs) expressed in mg/ml. significantly p 0.05 over time after the addition of CaEO Fig. 1 . Concentrations of 0.625 2 MIC indicated bacteriostatic activity and the 1.24 mg/ml and 1.87 mg/ml 4 MIC and 6 MIC showed a bactericidal activity after 10 min. Therefore, the CaEO could be considered as source of natural antibiotics against opportunistic pathogens and could be used as food anti-poisoning agents.
Antioxidant activities 3.5.1 DPPH test
The DPPH test aims at measuring the capacity of the essential oil to scavenge the stable free radical 2,2-diphenyl-1-picrylhydrazyl DPPH. by donation of hydrogen atom or an electron 33 . If the extracts have the capacity to scavenge the DPPH free radical, the initial blue/purple solution will change to a yellow colour due to the formation of diphenylpicrylhydrazine. The effect of the different CaEO on DPPH radical scavenging was compared to those of ascorbic acid, used as positive control, and appreciated by the determination of the IC 50 values. As shown in Fig. 2 , DPPH test revealed that the free radical-scavenging activity was a dose dependent manner. The essential oil showed a high antioxidant activity compared to the ascorbic acid IC 50 1.85 µg/ml . The current study demonstrated that CaEO exhibited a strong radical scavenging activity as compared to the standard ascorbic acid. 3.5.2 β-carotene bleaching inhibition activity The inhibitory effect of the different CaEO concentrations on lipid peroxidation was determined by the β-carotene/linoleic acid bleaching test. Figure 3 showed a various degree of the linoleic acid oxidation and subsequently the β-carotene bleaching after addition of the CaEO and the BHT used as positive control at different concentrations. This antioxidant activity was dose dependent as found in the DPPH test. Overall results were better than those provided by the radical-scavenging activity Fig.  2 and Fig. 3 . The inhibition of lipid peroxidation by addition of CaEO could be used to improve the quality and stability of food products. CaEO were able to quenching peroxide radicals and to terminate the peroxidation chain reaction.
Antioxidant activity of CaEO is largely depending on its chemical composition. Although γ-terpinene, a minor component in oil of C. aurantium, is known to show high antioxidant activity, since its concentration was too low 0.3 . Essential oils are quite complex mixtures constituted by several tens of components, and this complexity makes it often difficult to explain the activity pattern. For this reason, many reports on the antioxidant potentials of the essential oils often refer to concepts such as synergism, antagonism and additivity.
From a general point of view, phenols were confirmed to possess strong antioxidant activity 34 . In particular, oxygenated monoterpenes especially two well known phenolic compounds, thymol and carvacrol are mainly responsible for the antioxidant potential of the plant oils which contain them 35 . Monoterpene hydrocarbons; particularly terpinolene, a-and γ-terpinene, could also be taken into account for the antioxidative activity observed, but obviously, none has stronger than that of oxygenated monoterpenes. The presence of strongly activated methylene groups in these molecules is probably the reason for this behavior. On the other hand, sesquiterpenes hydrocarbons and their oxygenated derivatives have very low antioxidant activity 34 .
Fig. 2 Scavenger effect of
CaEO at different concentrations 5, 10, 25, 50 and 100 µg/ml, on the stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH).
Results are expressed as percentage decrement of absorbance at 517 nm with respect to control. Ascorbic acid was used as a standard. Each value represents the mean ± SD of three experiments.
Fig. 3 Antioxidant activities of
CaEO at different concentrations, 5, 50 and 100 µg/ml measured by β-carotene bleaching method. BHT was used as standard. Values are means ± SD (n = 3).
CONCLUSION
In the present work, we reported the chemical composition of Tunisian essential oil of flowers of C. aurantium. Thirty three components were identified and the main components are Limonene and a-terpineol. We also investigated the antioxidant and the antimicrobial activities of the essential oil from this herb. The CaEO showed a very high antioxidant activity. This activity was higher than that found with the standard antioxidant Ascorbic acid in the DPPH test. The CaEO, reveal a very important in vitro antibacterial activity on the studied bacterial, confirmed by a low minimum inhibitory concentrations MIC . Therefore, CaEO can be used as a natural antimicrobial agent for the treatment of several infection diseases.
Our results are a contribution to a better valorisation of this medicinal plant. Several other biological tests will be worth while to search for more eventual activities of this plant to characterize active principles, and assess toxicity by laboratory assays.
